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FIELD OF THE INVENTION 

This invention reia.es to the ^"^""Z 
a nd separation of biological c. ,1 . - ^ ^ y 
blood, and relates more »'° lt ™™£ cmll populations 
closed system allowing " "Z^ ule or their 

like hematopoietic stem cells i solution for 

mix ing with an additive solution « » " ° methods for 

later separate storage operations and to the 
carrying such an extraction. 

BACKGROUND OF THE INVENTION 
Blood separation systems and methods have emerged 
over 1 .st ,0 years in Response to t he ,™ need for 
efficient blood component therapies. 

which in many cases rs »ly ^ 

oncological disorders. Patients in need 
transplant have mainly three options: 

1) Adult bone marrow stem cells: , in the 

Peripheral blood stem cells found m 



2 



"""^"eTrs found in umbiiical cord and placental 
blood retrieved at birth of a new born ^ 
For most stem cell transplants, the limi 

he risk of graft-versus-host-disease (GVHD) , 
been the nsK or g (HLA = Human 

requiring an excellent HLA-match tissue 

Leucyte Associated) . 
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r ; r h source of the 
Umbilical cord tlccc is « rich sou 
primitl ve hematopoietic s te . and progenitor eel s, » _ 
^tensive pronation capacity and capaci y « -elf 

,., This field has advanced rapidly from 
"T" t . utilizing only HLA-matched grafts to unrelated 

storage of hematopoietic stem 
umbilical blood cord. 

might result umbilica l cord blood is sometimes 

nr.: rr rs/^^ preseryative added. , much 

referred way would be to eliminate most ^un „ n d ells 
red ..IX. and white cells » ^ 

considerable vol^e »*«^"^' « storag e spaces 

T^d atwe" as lyled cells result^ from stora.e 
would be drastically reduced. 

No device or automated system exists for P««=«»^ 
and concentrate on line 

is — loss or alters 
umbilical cord blood stem ceix 

their functionality. 

wo 97/1539 , «C. FELL . - - herein 

incorporated by way of reference ids into 

the processin, ^^7^ c««i™» U ^ei^ 
components, comprising a set 
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the biological fluid to be separated ^^"^ 
components, and optionally one « »» centri£u gal 
containers for additive solution.. A h rotation 
— c^er is ro.ata.le r ut fiuid m 

ind has an ^ ln £'^ roc .. Beo . components of the 
be processed and for the p movab le member 

fm-id The processing chamber contains a mova 

K as a Piston which defines a separation space of 
" able size for receiving biological fluid, the piston 
variable size tor selecCed quantity of biological 

being movable to intake a selecte q 

£ luid to be processed into "' ^l™^.^*. 
inlet and to express processed bl ° loglC * let Mean£ are 
- - S \r P :;:ti S :n of tte lovable member 

provided for monitoring the biologic al fluid 

to thereby control th. > — o« - aKen ^ ^ 

and the expr ession of Parat d p arrangement for 
further comprises a distrifiuti the 

ul . ,. rn selective communication between 
establishing seiec,Lxv<= _ lar i na 
pr ocessing chamber d selected containers^for^plac . 

the processing chamber 
communication . 

The system acting to WO 97/15399 is ^ 
for separation of biological *££ ± ^ £J Mionu , 

be very polyvalent for many ^ epa £ from a 
especially for on-line separation of comp 
donor or a patient. 

DISCLOSURE OF THE INVENTION 

^^v. cvstem is arranged 
according to the invention^ such sy - ^ 

«- .npr^te in a separation mode ana m * 

to operate j-ii o. . . for 

.-, ■ rrrpater possibilities iUi 

transfer mode, which provides which were 

use of the system including new *™^o n 
her etofore not —plated, such as ^ see 
hematopoietic stem cells and in g 
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processing. According to Che invention, the system is 
arranged to operate such that: 

- in Che separation mode fluids can be mtaken into 
the processing chamber while the chamber is rotating or 
stationary, fluid intaken into the chafer is centrifuged 
and separated into components, and the separated 
opponents expressed while the chamber is rotating or 
optionally, for the last separated component, while the 
chamber is stationary; and 

- in the transfer mode the processing chamber intakes 
fluid and expresses fluid with the chamber stationary. The 
val ve actuation arrangement is accuable to transfer 
amounts of fluid from one container to another n 
processing chamber, by moving the piston, wrthout 
centrifugation or separation of the fluid into 

and the means for monitoring the positron of the piston 
controls the amounts of non-separated fluids transferred. 

Further features of the invention are set out in the 
claims. This invention thus proposes a functionally closed 
Accessing kit associated with a portable apparatus, whose 
function is to monitor and automate the procedure. The 
IZ usually disposable for avoiding Che likelihood of 
* ease transmission, is based on a centrifugal processing 
Camber whose volume can be varied during 
allowing to adjust to the exact g uanCiCy of bloc. 5 to 
process. Such variable volume chafer is described m t h 
Aforementioned WO 97/15399 ( C . FELL ) The cha.be, 
connected to a set of bags and tubing lines for the 
o Uection of the separated components. The blood bag 
containing the blood to process is generally connected to 
the disposable set through the use of a sterile connecting 
device. It is however possible to have this bag 
preconnected to the disposable kit. 
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= ^r=Htive solution can be 
A ba g containing an additiv 

connected to the ^osable Kit via ion o£ tne 

The other bags -e Provided or ^ b&g 

separated components . Th conditions, 
material is optimally chosen „r t 

<=„,- conveying the separated 
T ne tubing line selection for jonvey ^ g ^ q£ 

products into the proper bags » « e ~ p fce arranged in 
ro tational valves ^^l^ l^ort rotational 
. manifold array or by a 9 ^ arran gement allows 
valve, forming part of the se between adjacent 

to eliminate any cross-contamination 
line s when using standard pinch valves. 

kit cooperates with an 
T ne above-mentioned disposable kit c^^p ^ 

instrumentation for monitoring and « _ The 

£ or instance as described ,n ~ ^ 

centrifuge drives a rotating e _ 

- centrifugal accessing cha-r and ^^^^ ^ ^ 

Its closing cover will g"P 

rotary seal of the processing chamber. 

An optical sensor made of an of US, and 
corresponding receiving ^J^/ "centrifuge, for 

implemented vertically <» lntaken into or 
monitoring the piston position^ Volum 
extracted from the chamber can ther 

measured. The topdec* receives an tubing , 

module which monitors the color « th m . M 

feeding-bac, this ° ^ for drivi ng a set 

a«ay of shafts eguipped w h i^ ^ ^ ^ ^ 

of multiple • t ^- ta a V *7; f P BOtor . enabling the tubing 
T „ey are coupled to a attacn ed to the motors for 

Une selection. Encoders are attached 

monitoring the stopcock valves position. T ^ 

incorporates a window allowing the 
displacement of the piston in the chafer. 
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Th e procedure for extracting stem cells out of an 

sampling is taken to assess the its richness in stem 
llZs the bag is sterile connected to the processing Kit 
III the lole set is loaded onto the separation syste^ 
Th e centrifuge starts driving the separation ch»b.r« 
la ,000 rpm, and blood is introduced by moving down 
the chamber piston pneumatically. Two cases can the 

Lur the volume of blood to process is smaller than 

occur, ^t tne v detected by the empty 

the processing chamber volume (as detected * 

tLe of the effluent tubing, . the piston is ~»«™* £ 
an intermediate position pneumatically, monitored 

T* rhP volume of blood completely 
piston position sensor. """ "^^ by the pisC on 
fills the separation chamber, detecceu. y 
reaching the bottom of the chamber. the pneumatic 

-low the collection of the separated products, and the 
allow the con increases to move the piston 

pneumatic pressure gradually increases activ ely 

^ ^-f i-v.p oiston remains low, actively 
upwards. The speed of the piston 

monitored by the piston P-£on /ensc the 
maintain the sedimentation profile of the ce 
chamber. The first product extracted is plasma, collected 
into a first bag. It is followed by platelets 

1 avers or buffy-coat. Apparition of tne 
- -eoted by the optical line sensor 
LiJing the effluent line tubing. £ ^"LTl 
product, very rich ^ in valve . A 

second collection bag by rotating ^ 

• ct . arted which depends among other 
volume counter is started, wn 

-v, blood volume processed. When tnis 

factors on the total £>±ooa 
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counting volume has been reached, centri 
stopped. The proper stopcock valve is rotated and the last 
product i. extracted, essentially a volume of packed red 
cells with residual granulocytes, into a third collection 
bag Another cycle can then resume if the umbilical cord 
bl ood has not been totally processed. Otherwise the 
separation and stem cells collection process rs completed 
at this stage. Adequate preservative solution is 
introduced into the processing chamber by rotating the 
proper stopcock. It is then retransf erred into the stem 
cell bag. its volume accurateiy controlled by the piston 
position sensor. 

The bag containing the stem cell rich product can be 
disconnected at this stage from the rest of the set. Its 
volume ranges between 20-40 ml. depending of the initial 
volume processed. The by-products of the ^"tion 
plasma and packed red cells, can then be used for serology 
and HLA typing, avoiding any product loss due to sampling 
in the stem cell bag. 
,0 This separation system and method offer significant 

advantages over manual processing techniques. The 
disposable kit is a functionally closed system, avoiding 
any risk of contaminating the product during manipulation. 
The protocol is fully automated, through a microprocessor 
ba sed control system, with ability to vary the main 
parameters, like centrif ugation speed, centrif ugation 
cim e, speed of introduction and extraction, volume to 
collect, etc. The volume reduction for the stem cell 

,-,-f Rna at- least compared witn 
product represents a gam of 50% at lease * ^ 

, , a . pnf the ar t The instrumentation is very 
the current state or tne art.. ±u 

= i fnr the decentralized 
compact and portable, ideal for tne 

processing of such procedures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further described by way of 
example with reference to the accompanying drawings in 
which : 

- Fig 1 is a schematic side elevation and cross- 
sectional view of a processing chamber and its rotary 
seal, showing the various sedimentation layers of blood 
components . 

- Fig 2 is a schematic side elevation and cross- 
sectional view of the processing chamber and its rotary 
seal, associated with an optical sensor for monitoring the 
piston sensor, and control circuitry. 

- Fig. 3 illustrates in a schematic form the 
disposable set carrying a manifold stopcock system for the 
processing and separation of umbilical cord blood. 

- Fig. 4 illustrates in a schematic form an array of 
stopcocks arranged in a manifold. 

- Fig 5 is a schematic side elevation and cross- 
sectional view of the motor driver and control elements 
for rotating each individual stopcock. 

- Fig. 6 is a schematic side elevation and cross- 
sectional view of a multiport rotational valve. 

_ F ig 7 schematically illustrates the multiport 
rotational valve of Figure 6 with an inlet/outlet port 
located at the center and a range of associated ports 
located at the periphery. 

- Fig 8 is perspective view of a cabinet containing 
instrumentation and devices for controlling the 
processing . 
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Fig 9 i to Fig. 9-6 are functional diagrams 
showing the various steps of umbilical cord blood 
separation using a disposable set including a processxng 
chamber and a set of stopcocks according to the invents. 

DETAILED DESCRIPTION OF THE SYSTEM 

The processing chamber 20 is in accordance with that 
described in WO 97/15399 ( C . FELL ) Fig. 1 is a general 
view of the processing chamber 20. A rotary seal 12 
located on its upper extremity 10. The rotary seal 12 is 
composed of an upper body 1 and lower body 2. In between 
is located a friction disk 3, made of a generally low 
friction material like polished stainless steel or 
ceramic. A central tubing 7 made of biocompatible material 
like polycarbonate is attached to the upper body 1 . An CD- 
ring 8 ensures airtightness between the upper body 2 and 
friction disk 3. The rotary seal 12 is mounted on a 
central bush 11 fitted on the upper extremity 10 of 
processing chamber 20. The gap between walls of central 
tubing 7 and central bush 11 is small, say 0.5 mm, to 
provide a high rotational impedance for stopping any 
liquid to reach the upper extremity of bush 11. A ball 
bearing 9 is mounted on bush 11 to ensures the proper 
alignment of the processing chamber 20 when inserted into 
centrifuge assembly. Two rubber seals 5,6 are located on 
either side of the friction disk 3, seal 5 being on the 
upper side and seal 6 being on the lower side. The seals 5 
and 6 are of the V-seal type and ensure airtightness both 
in positive and negative pressure, up to at least + - 0. 5 
bar . 

The piston 21 is made of a transparent material like 
polycarbonate and is equipped with two O-rings 24 and 25. 
The processing chamber 20 is closed on its bottom side by 
a cap 22 carrying a bacterial filter 23. Air can pass 
through central opening 26 and filter 23 in cap 22. The 
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Position of the piston 21 can be accurately monitored by 
an optical sensor assembly 60 and 61 (Fig 2) . Assembly 61 
<s made of a vertical array of LED, preferably with light 
emitting in the infrared spectrum to reduce disturbance 
from ambient light. Only the LED facing piston 21 are 
turned on, in order to avoid interference from the other 
LED The beam of light crosses the transparent piston 21, 
between the two O-rings 24 and 25. A CCD ("Charge Coupling 
Device") linear array 61 is placed at 180° on the other 
side, the exposed pixels of array 61 generating a signal 
62 in the form of a peak. 

Signal 62 is fed to a low-pass filter 69 and the 
filtered signal fed to a comparator 67 which also receives 
from potentiometer 68 a threshold value for discriminating 
the filtered signal from ambient noise. The output of 
comparator 67 is connected to the enable gate of counter 
65 Clock signal 66 is used to intake the response from 
each individual pixel of the CCD linear array 61, and feed 
this to the input of counter 65. The output of counter 65 
is connected to a CPU 64 which calculates the position of 
piston 21 and, when required, shifts the turned-on LEDs 60 
via a multiplexer/LED driver 63. Similarly, when 
necessary, the CPU 64 will vary the signal of compressor 
driver 70 that supplies compressor 71 in order to increase 
or decrease pressure applied below the piston 21 to 
control its position. 

This is only one example of position sensing for the 
piston 21. The light source 60 could be a filament bulb, 
or a unique linear source of light. The CCD linear array 
61 could be replaced by an array of photosensing devices. 
The receiving sensing device (61) could be placed also 
beside the emitting light device 62, the system working m 
reflection light from the piston 61 rather xn 
transmittance light through the piston 21. 
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The disposable set (Fig 3) is composed of bags 40-44, 
tubing lines connected to stopcocks 45-48, and the 
Processing chamber 20. Bag 40 contains the umbilical cor* 
blood to process. Bag 41 contains preservatxve solutxon, 
generally based on a DMSO (Dimethyl Sulfoxide) solutxon 
It 'is connected to the disposable set through a bacterxal 
0 2 micron filter 54. Bag 42 is the collection bag for the 
stem-cell rich product. Its plastic composition xs made of 
a material suiting long term storage. Bag 43 xs the 
collection bag for the plasma and bag 44 is the one for 
the red cells. 

An array of stopcocks 45-48 (Fig. 5) organized in a 
manifold 58 allows the connection between the different 
tubing lines. These rotational stopcocks provide an 
excellent cut-off between adjacent lines and ensure that 
no leak occurs between a closed and an open line, as xs 
th e case with tubing pinch valves. Such manifold -op~cks 
exist in various forms and are co^ercxally available The 
stopcocks 45-48 are driven by a set of motors 100-103. 
(Fig 6). The upper shafts 84-87 of these motors engage 
into the bottom portion of the respective stopcocks 
using passing holes through the cabinet topdeck 88 The 
motors can be stepper motors or DC motors with reductors . 
They are e q ui PP ed with position encoders 104-107 whose 
signals are fed back to the microprocessor control unit, 
ensuring that the stopcocks are correctly positioned. 

An alternative to using a manifold stopcock is a 
rotational multiport valve, as shown in Figs. 6 and 7 A 
central rotor 127 is inserted into a stator 126. The - or 
127 can be fictionally rotated. The central port 120 
connected to the processing chancer 20, can *>e connected 
to the peripheral ports 121-125 by rotatxon with angular 
steps of 72°. A single motor is necessary to drive the 
rotor through the engagement recess 132. Two O-rings 13 0- 
131 ensure watertightness with the exterior (Fig. 6). 
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The cab.net holding the instrumentation is shown in 
Fig 8 It contains the cover 94 for holding the rotary 
seal 12 of the processing chamber 20. The cover 94 is maoe 
of two semi-circular shells that can rotate on hinge 89. 
An optical line sensor 83 allows the sensing of colors m 
the effluent tubing 51. It holds two LED-Photosensor 
channels, of different wavelength like red and green and 
is capable of detecting the first cells coming out of the 
chamber 20. It can equally detect the empty state of the 
effluent line tubing when liquid is introduced in the 
chamber. The pressure port measurement 86 receives the 
bacterial filter 49 located on the disposable set. This 

•p t-v,o nrp=;qure in the processing 
allows the monitoring of the pressure m ^ f 

chamber 20. Upper shafts 84-87 of the stopcock driver 
mo tors 100-103 (Fig. 5) are located behind the line sensor 
83 An inclined module 90 receives the display 82 for user 
information and a keyboard 81 for controlling the 
instrumentation. A window 91 is located on the front panel 
92 giving visibility to the chamber piston movement. 

Figs 9 1 to 9.6 illustrate an application for 
umbilical cord blood separation. Bag 40 contains the 
umbilical cord blood rich in stem cells, recovered from 
the umbilical cord at birth of a child. 

This bag 40 contains anticoagulant like CPD to avoid 
blood clots. Tubing line 53 is sterily connected to line 
52 using a sterile connecting device. However it is also 
possible to have the bag 40 preconnected to the whole set. 
The separation steps are: 

Step 1 (Fig 9.1): Stopcocks 45 and 46 are rotated 
to connect bag 40 to the processing chamber 20. 
Centrifugation starts and initially is stabilized at a 
speed of 4000 rpm . The pneumatic system of the 
instrumentation establishes a vacuum to move the piston 21 
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d ownwards. Its speed is monitored by he optica sensor 
assembly 61 and 62, and the vacuum level is ad^u t 
accordingly. If the volume of the bag 40 xs smaller than 
according y rhambe r 20, effluent tubing lxne 

the processing volume of chamber ^u, 

v,-^ i«s detected by the optical line 
51 will empty, which is detected y 

, t 01 maintained motionless by 

sensor 83. The piston 21 is maintain 

tablishing a counter pressure through t^™.t« 
system, and the volume intaken into chamber 20 
recorded. The centrifuge speed is gradually ^creased to 
reach 6000 rpm. with pressure increased accordingly to 
Hep piston 21 at the same position. In the case where the 
volume of bag 40 is larger than the processing volume o 
chamber 20. piston 21 will reach the bottom of the 
chamber, and the pneumatic system is turned off. In both 
cases . after a sedimentation time of about 2-3 mm. 
centrifuge speed is slowly decreased, while maintaining a 
constant counter pressure below piston 21. stopcocks 6^ 
47 48 are rotated to establish a path between the 
processing chamber 20 and the plasma bag 43. 

step 2 (Fig. 9.2): when the centrifuge drops to a 
speed generally around 4000 rpm, the piston 21 starts to 
Tve upwards, with a preset speed allowing extrac ion 
rates around 100 ml/min. This value can be modified 
through the program parameters. Plasma starts to be 
Collected in bag 43. when the volume of plasma extrac ed 
reaches approximately 40* of the volume «t£». ^ 

■in vpduced by half. The tirsL 

extraction rate will be reauceu 

Zl elets contained in the buffy-coat ^ -"."^ 
extracted, which is detected by light absorbance in the 

o, ,r a certain level of absorbance, 
optical line sensor 83 . At a certain =t - nr ,, oc v 
which can be parametered by the control program, stopcock 
47 is rotated to establish the path between the processing 
chamber 20 and bag 42. 

Step 3 (Fig 9.3): A volume counter is triggered, and 
collection of a product very rich in stem cells starts. 
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Extraction speed is always under the control of the pxston 
optical sensor assembly 61 and 62. The volume counter 
value can be altered by the user in the program menu. It 
is chosen in order to encompass all the stem cell 
, Population, which has similar characteristics in density 
and size to the lymphocyte population. Such value 
corresponds generally to 20-30% of the intaken volume xnto 
the chamber. When this value is reached, stopcocks 47 and 
48 are rotated to establish a path with bag 44. 

10 step 4 (Fig. 9.4): Centrif ugation is generally 

stopped at this stage, and pressure diminished to allow a 
smooth extraction of the remaining red cells into bag 44. 
This phase is completed when piston 21 reaches the top of 
the processing chamber 20, detected by the piston optical 

15 sensor assembly 61 and 62. At this stage, if the bag 40 is 
not empty, the process will be resumed at Step 1, 
otherwise it will proceed with Step 5. An optional phase 
is to further separate the stem cell product by returning 
the content of bag 42 into the processing chamber 20, 

20 centrifuging the product once again and expressing its 
separated components to bags 43, 42 and 44 as before. 

Step 5 (Fig. 9.5): Stopcocks 45 and 46 are rotated 
in order to establish a path between the preservative 
solution bag 41 and the processing chamber 20. The 

25 preservative solution is generally a composition based on 
10 or 20vol% DMSO chemical solution, which can contain 
also a phosphate buffer. The centrifuge being idle, piston 
21 is moved downwards by establishing a vacuum with the 
pneumatic system. The volume intaken is a proportion of 

30 the volume counter described in Step 4. When this 
proportion is reached the vacuum stops and stopcocks 46 
and 47 are rotated in order to establish a path between 
the processing chamber 20 and the stem cell bag 42. 
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Step 6 (Fig 



9 6)- The pneumatic system is turned 
down, 'Ind'pi^on 21 »v«d upwards. The >*™™ tS £ 
solution is added to the content of the stem cell bag 42^ 
Zl phase is coveted when the piston reaches the top of 
the processing chamber 20, detected by the piston optical 
sensor assembly 61 and 62. An optional additiona ^ phase 
oan b e added if the stem cell product needs to be diluted 
further with plasma. In this case Steps 5 and 6 w be 
repeated, with the difference that the transfer will be 
Established between the plasma bag 43, the processing 
chamber 20 and the stem cell bag 42. 

When all the steps described above are completed, all 
che stopcocks can be rotated at a 45" angle in order to 
Ise all the communicating ports. The bags 42-44 can be 
disconnected from the rest of the set, which can be 
discarded at this stage. The stem cell bag 42 is then 
ready for conveying to a separate storage unit, the by 
products plasma in bag 43 and red cells 44 being used for 
HLA typing and quality control assessments. 
,0 It is to be understood that this invention may be 

embodied in several different forms «^ f ^ 
its spirit of essential characteristics. The scope of the 
nation is defined in the appended claims, rath than 
in the specific description preceding them. All 
Embodiments that fall within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced by the claims. 

Moreover, the novel optical control device .60-71, 
herein described, as well as the arrangement of 
,45-48) and tubing, the multiport valve (Fig. 6 and K 
the special rotatable seal (1-7, for positive and negative 
pressure operation, and the special axial bearings 
mounting the chamber 20, permitting drive without a 
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holding chuck, can all advantageously be used in different 

systems . 
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CLAIMS 

1 a syste, for the processing and separation of 
biol o g 'ic al fluids into components, --isi^ 
containers (40,4 2 -44) for rac.^« - ^ and 
to be separated and the separated comp 
Monally °ne or more additional containers (41) for 
optxonally one cen trifugal processing 

additive solutions, and a rot ation and 

/on ^ rofatable about an axib Ui ^ 
chamber (20) rotatable the biological fluid 

having an axial inlet/outlet (7) for the ox 
to be processed and for the processed components of J*e 
Lid, the processing chafer containing a 
(21) which defines a separation space of varxable B»ef« 
living biological fluid, the mender (21) be.n - ^ 
to intake a selected guantity of biological fluxd to *e 
^ processed into the separation space via said xnlet and to 
15 processea ^ rtlnaic al fluid components from the 

express processed biological tiui v 

■ „ = outlet and means (60-69) ror 
separation space via said outlet, a 

thereby control the amount of intaken dio y 

— 

wherein: 

^ fluids can be intaken into 
- in the separation mode fluids can ^ 

the processing chamber (20) while the chamber is rotating 
30 or stationary, fluid intaken into ^chamber 

centrifuged and separated into components and the 

eparated components expressed while the 
separa . n , f for the last separated component, 

rotating or, optxonally, for tne 

while the chamber is stationary; and 
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in the transfer mode the processing chamber (20) 
inta.es fluid and expresses fluid with the chaxnber 
stationary, the valve actuation arrangement (45-48; 120- 
127) being actuable to transfer amounts of fluid from one 
container (40-44) to another via the processing chamber 

( 20) by moving the piston, without centrifugat^n or 
separation of the fluid into components, and said means 

(60 -69) for monitoring the position of the piston (21) 
controls the amounts of non-separated fluids transferred. 

2 The system of claim 1. wherein the distribution 
valve arrangement comprises a plurality of stopcock valves 
(45-48) connected to tubing lines interconnecting the set 
of containers (40,42-44), the optional additional 
containers (41), the processing chamber (20) and further 
stopcock valves, each stopcock valve (45-48) comprising a 
rotable stopcock valve member having a shaft (84-87) 
associated with drive means (100-103), the rotation of 
said shaft selectively connecting or disconnecting the 
stopcock valve's tubing lines. 

3 The system of claim 1, wherein the distribution 
valve arrangement comprises a multiport valve comprising a 
central rotor (127) rotatably mounted in an annular stator 
(12 6), the rotor having a central port (120) connected to 
the processing chamber (20) and leading to the rotor outer 
periphery, and the stator having a plurality of ports 

(121-125) at selected angular locations each connected to 
a container (40-44) and each leading into the inner 
periphery of the annular stator, the central port (120 of 
the rotor being connectable to selected ports (121-125) of 
the stator (126), or disconnected, by rotation of the 
rotor (127 ) . 

4. The system of any preceding claim, wherein the 

• t-^-r, (91 i fluid- tightly movably 
movable member is a piston (21) tluia tig 
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m ounted in a generally-cylindrical centrifugal preceding 

chamber (20) . 

5 The system of claim 5, further comprising 
optical means for monitoring the position of the piston 
(21) comprising an alignment of light emitting elements 
(60 ) generally parallel to the piston axis, and an 
alignment of light receiving elements (61) genera y 
parallel to the piston axis, the receiving elements (61) 
being arranged to receive light from the emitting elements 
(60) transmitted through or past the piston (21) or 
reflected by the piston (21), and delivering a signal (62) 
representative of the piston's position. 

6 The system of claim 5, wherein said signal (62) 
is delivered to means (70,71) for moving the piston (21) 
and means (60-65) for controlling the piston's position. 

7 The system of any preceding claim, wherein the 
axial inlet/outlet comprises a rotatable seal (3-6) 
mo untable in a stationary housing (1-2), said seal bexng 
operable for positive and negative pressure conditions xn 
the rotatable chamber (20) . 

8 The system of any preceding claim, wherein the 
processing chamber (20) is mounted for rotation about its 
axis by means of bearings (9; 72, 73) at opposite ends of 
the chamber, one end of the chamber (20) being associated 
with means (55-57) for rotating the chamber (20) without 
any support at the chamber periphery. 

9 A method of processing and separating 
biological fluids in a system according to any preceding 
claim, the method comprising: 

30 separating a biological fluid with the system 

operating in the separation mode, by intaking fluid into 
the processing chamber (20) while the chamber is rotating 
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or stationary, centrifuging fluid intaken into the chamber 
( 20) to separate the fluid into components, and expressing 
the separated components while the chamber is rotating or 
possibly, for the last component, while the chamber is 
stationary; and 

transferring fluid between containers (40-44) with 
the system operating in the transfer mode, by intaking 
fluid into the processing chamber (20) with the chamber 
stationary, actuating the valve distribution arrangement 
(45-48;120-127) to transfer an amount of fluid from one 
container (40-44) to another via the processing chamber 
(20), by moving the member (21), without centrif ugation or 
separation of the fluid into components, and monitoring 
the position of the movable member (21) to control the 
amount of non-separated fluid transferred. 

10. The method of claim 9, wherein a component of 
the biological fluid is separated into a given container 
(42), the amount of said component separated into the 
given container (42) being controlled by monitoring the 
position of said member (21), and an additive solution is 
transferred from an additional container (41) to sard 
given container (42) via the processing chamber (20) m 
said transfer mode, the amount of additive solution 
transferred being calculated as a function of the amount 
of said separated component in the given container (42). 

11. A disposable set for collecting and separating 
selected quantities of biological fluids comprising the 
centrifugal processing chamber (20) of a system according 
to any one of claims 1 to 8, wherein the inlet/outlet of 
the centrifugal processing chamber (20) is connected to a 
container (40) of biological fluid, an additional 
container (41) containing an additive solution, a 
plurality of containers (42-44) for receiving the 
separated components of the biological fluid, 
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interconnected by a plurality of stopcock valves as 
defined in clai m 2 or by a tultiport valve as defined xn 

claim 3 . 

12 Use of the system of any one of claims 1 to 8 , 
5 for processing variable volumes of biological fluid from 

10 ml up to the maximum volume of the separation chamber 
(20), and for adding an additive liquid to the separated 
components . 

13 Use according to claim 12 for separation of 
10 stem cells from blood and mixing the separated stem cells 

with a preservative solution. 

14 Use according to claims 12, for separation of 
hematopoietic stem cells from umbilical cord blood. 
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ABSTRACT 

A system for separating biological fluids into 
co^onen., comprises a set of containers (40,42-44) for 
the biological fluid to be separated and the separated 
5 components, optionally an additional container (41) for 
addititive solution, and a hollow centrifugal processing 
chamber (20) having an axial inlet/outlet (7) for the 
biological fluid. The processing chamber contains a piston 
( 2l, movable to intake a selected quantity of biological 
10 fluid and express processed biological fluid components 
via the outlet. Optical means (60-69) monitor the position 
of piston (21) to control the amount of intaken fluid and 
the expression of components. A distribution valve 
arrangement ( 45-48 ; 120-127 , selectively communicates the 
15 processing chamber (20) and the containers (40-44) or 
places them out of communication. The system is arranged 
to operate in a separation mode and in a non-separat ion 
transfer mode, especially for adding preservative solution 

-] -i T _ tY^f=> separation mode, 
to separated blood stem cells. In the separa 

. ^ r^T-or-^s s incr chamber 
fluids are intaken into processing 

( 20) centrifuged and separated into components, and the 
components expressed. In the transfer mode, the processing 
chamber (20) intakes and expresses fluid with the chamber 
stationary, the valve actuation arrangement ^'^ 2 °- 
127) transferring fluid from one container (40-44) to 
another via the processing chamber (20), by movement of 
the piston (21), without centrif ugation or separation, and 
the means (60-69) for monitoring the piston's position 
controls the amounts of non-separated fluids transferred. 
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